FIELD OF THE INVENTION 



This invention relates to an apparatus for transferring electrical power, and more specifically to 
a magnetic power connector for transfening power without electrically conductive contact. In 
s addition it relates to an apparatus for estal^lishing data communication, and more specifically 
to a synchronization and representation (modulation) of the data sent over the said data link. 



BACKGROUND OF THE INVENTION 

10 

A number of means are known in the prior art for transferring electrical power from a power 
supplier, such as a piece of power equipment, to another piece of equipment requiring power. 
In a majority of applications power transfer happens when both power supplier and power 
consumer are mechanically connected to each other with conductive elements. This type of 

IS power transfer is straightforward and efficient but can't be universally used in ail imaginable 
applications. Sometimes this power connection must be detachable and must withstand 
thousands of cycles of connection / disconnection of the power source. Unshielded and 
usually exposed contact elements may be subject to electric shorts, which will cause damage 
of the power source part of the equipment. On the other hand the same contact elements may 

20 be dirty and cease being conductive thus causing the equipment to malfunction. 

In some applications it is essential for the power source not only to supply power to the 
system, but also to provide all means necessary to maintain a reliable data link between two 
pieces of equipment. These means may include the system synchronization, system clock, 
data transmitter, and data receiver. All those additional links might require additional contacts 

25 and in case of extensive wear of the later due to the mentioned above thousands of cycles of 
connection / disconnection of the power source the overall reliability of the system becomes 
questionable. 



Other means of transferring power to and between detachable pieces of equipment generally 
30 consists of converting the power into a form of radiation e.g. light or microwave, and directing it 
to a receiver on the mobile piece of equipment. Such power transfer is highly inefficient, and 
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potentially hazardous to persons or objects exposed to the power beams. The system data 
transfer between the two mentioned pieces of equipment becomes wasteful, inefficient and 
unreliable. 

5 It is known that in some applications the power is being transferred from the power supplier 
utilizing the resonant tank or a transformer. In such a case the tank circuit includes a ferrite- 
core transformer with a split primary coil. The power is transferred to the secondary coil 
without using any mechanical contacts and is not being wasted. This type of the system is 
efficient and reliable in applications requiring just power transfer, like battery chargers, etc. 

10 Some applications, for example smart cards, assume that not only power has to be transferred 
to the card, but as well require the bi-directional data link to be established between the power 
supplier and the power consumer. This, above mentioned, data link requires the power source 
device to have the ability to: 

• Generate dock signal and synchronize the power consumer with this clock; 

15 • Communicate messages to the power consumer utilizing a predefined protocol; 

• Receive messages originated by the power consumer device. 

All of the above functions have to be performed with minimal power loss, reliably and with high 
fidelity of the transmitted data. 

20 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a device, which can transfer power between a 
fixed piece of equipment and a mobile piece of equipment. 

25 

Another object of the present invention is to provide power transfer not requiring an electrically 
conductive contact. 

Another object of the present invention is to provide power transfer containing no exposed, 
30 current-carrying conductors. 
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Another object of the present invention is to provide power transfer requiring no frictional 
contact, and which may be used over an indefinite number of insertion cycles without wear. 



Another object of the present invention is to provide a device with zero insertion force. 

5 

Another object of the present invention is to provide a device capable of providing a bi- 
directional communication channel between power supplier and power consumer. 

Another object of the present invention is to provide a device capable of synchronizing a data 
10 transmitter and data receiver in power supplier and power consumer respectively by providing 
them both with the same clock. 

Another object of the present invention is to provide a device utilizing the signal received from 
the power supplier to establish the downstream data path. 

15 

Briefly, the preferred embodiment of the present invention includes a separable transformer 
comprising two halves, each positioned in a housing with the housings being able to mate with 
one another. One half is mounted upon a power-supplying module, the other half is mounted 
on a power-consuming module. The power-consuming module does not have any power 
20 source and completely relies on the power t>eing transmitted from the power-supplying module 
in order to operate. Upon engagement, the magnetic field induced in the transformer by the 
power-supplying module will generate a sinusoidal wavefonn in the secondary coil of the 
transformer, which belongs to the power-consuming module. A simple rectifier means 
provides the power-consuming module with enough power to sustain its operation. The non- 
25 rectified sinusoidal wave on the secondary coil of the transformer is utilized as the clock signal 
providing the means for implementation of the synchronous data transfer between the power 
supplying module and the power-consuming module. 

The upstream data from the power-supplying module to the power consuming module is 
transfen-ed utilizing amplitude modulation (AM) of the voltage applied to the primary coil of the 
30 said transformer. Variations of the voltage applied to the primary coil causes the voltage 

induced in the secondary coil to changes its amplitude, the power-consuming module detects 
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those above-mentioned changes of the amplitude of the voltage induced in the secondary coil 
of the transfomier as elementary pieces of the data stream. Those above-mentioned 
variations of the voltage should happen synchronous with the clock signal and not faster than 
once every 5-10 dock cycles. The above limitation to the speed of the data transfer is due to 
s the fact that the perfomiance of a simple rectifier, which provides the power-consuming 
module with its power, should not be effected. 

The downstream data path (from the power consuming module back to the power supplying 
module) should be implemented using the second separable transformer comprising exactly 
like the first one of two halves, each positioned in a separate housing with the housings being 

10 able to mate with one another. The voltage being picked up from the secondary coil of the first 
transformer is fed to the primary coil of the second transformer to provide the downstream data 
path. The power supplying module contains the means to compare the phase of the voltage 
supplied to the primary coil of the first transformer and the voltage picked up from the 
secondary coil of the second transformer. If there is no data communication, ttie mentioned 

IS phase difference will be constant. When data is meant to be transmitted from the power 

consuming module, the ends of the primary coil of the second transformer are switched In such 
a way that the voltage induce in its secondary coil changes its phase by 180 degrees. This 
switching operation does not require additk)nal power consumption in the power consuming 
module and at the same time is very noticeable at the output of the said phase comparator 

20 located in the power supplying module. 

An advantage of the present invention is that the suggested system provides all necessary 
means for implementation of the synchronous bi-directional data link; 

25 Another advantage of the present invention is that the suggested implementation of the 
downstream data link does not consume any additional power in the power-consuming 
module; 

Another advantage of the present invention is that the upstream data link does not require an 
30 additional separate transformer; 
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Another advantage of the present invention is that the clock synchronization does not require 
an additional separate transformer. 

These and other objects and advantages of the present invention will no doubt become 
5 obvious to those of ordinary skill in the art after having read the following detailed description 
of the preferred embodiments as illustrated in the various drawing figures. 

IN THE DRAWINGS 

10 FIG. 1 - is removed 

FIG. 2 is a semi-schematic diagram of hardware for practicing the teachings of this invention in 
configuration 1 (second inductive link for the downstream data link using phase modulation). 

15 FIG, 3 is a semi-schematic diagram of hardware for practicing the teachings of this invention in 
configuration 4 (second inductive link for the downstream data link using phase modulation 
with a crossbar switch and a phase comparator). 

FIG. 4 is a semi-schematic diagram of hardware for practicing the teachings of this invention in 
20 configuration 5 (optical link for the downstream data link). 

DETAILED DESCRIPTION OF THE INVENTION 
25 FIG. 1 is removed 

FIG. 2 illustrates the two bask: components of a system utilized in practicing the teachings of 
this invention, these components being a power supplying module 3-00, and a power 
consuming module 4-00. A clock signal of fixed frequency is generated from the clock 
30 generation block 3-04. This clock signal used as the canier signal, and the upstream input 
data, used as the envelope or upstream modulating signal, are both sent to the upstream 
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amplitude modulation block 3-02 in order to create the upstream-modulated signal. The 
upstream modulated output of the upstream amplitude modulation block 3-02 is sent to the 
primary windings of the upstream transformer half 3-06 where a magnetic coupling is set up by 
the alternating voltage of the upstream modulated signal. This magnetic coupling allows the 

5 upstream modulated signal to pass from the upstream transformer half primary 3-06 of the 
power supplying module 3-00 to the upstream transformer half secondary 4-02 of the power 
consuming module 4-00. The upstream modulated signal, now at the output of the secondary 
windings of the upstream transformer half is simultaneously sent to the voltage rectifier block 
4-04, the upstream amplitude detector block 4-06 and the clock recovery btock 4-08. The 

10 voltage rectifier block 4-04 generates a constant DC voltage, which is sent out of the power- 
consuming module 4-00. The upstream amplitude detector 4-06 removes the envelope from 
the upstream-modulated signal to recover the original upstream data. The upstream data is 
then sent out of the power-consuming module 4-00. The clock recovery block 4-08 removes 
the canier signal from the upstream-modulated signal and then cleans it up before sending it 

15 out of the power-consuming module 4-00. 

In order to pass data firom the power-consuming module 4-00 to the power-supplying module 
3-00 a second (downstream) data link is set up. In this embodiment of the invention the 
second data link is inductive. The output of the clock recovery block 4-08 is used as the earner 

20 signal, and the downstream input data, used as the downstream-modulating signal, are sent to 
the downstream phase modulation block 4-10 in order to create the downstream-modulated 
signal. The downstream-modulated output of the downstream phase modulation btock 4-10 is 
sent to the primary windings of the downstream transformer half 4-1 2 where a magnetic 
coupling is set up by the alternating voltage of the downstream-modulated signal. This 

25 magnetic coupling allows the downstream modulated signal to pass from the downstream 
transformer half primary 4-12 of the power consuming module 4-00 to the downstream 
transformer half secondary 3-08 of the power supplying module 3-00. The downstream 
modulated signal, now at the output of the secondary windings of the downstream transformer 
half 3-08 is sent to the downstream phase detector 3-10. The downstream phase detector 3- 

30 10 removes the modulating signal from the downstream-modulated signal to recover the 
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original downstream data. The downstream data is then sent out of the power-suppiying 
module 3-00. 

s FIG. 3 illustrates the two basic components of a system utilized in practicing the teachings of 
this invention, these components being a power supplying module 5-00, and a power 
consuming module 6-00. A clock signal of fixed frequency is generated from the clock 
generation block 5-04. This clock signal used as the carrier signal, and the upstream input 
data, used as the envelope or upstream modulating signal, are both sent to the upstream 

10 amplitude modulation block 5-02 in order to create the upstream-modulated signal. The 
upstream modulated output of the upstream amplitude modulation block 5-02 is sent to the 
primary windings of the upstream transformer half 5-06 where a magnetic coupling is set up by 
the alternating voltage of the upstream modulated signal. This magnetic coupling allows the 
upstream modulated signal to pass from the upstream transformer half primary 5-06 of the 

15 power supplying module 5-00 to the upstream transformer half secondary 6-02 of the power 
consuming module 6-00. The upstream modulated signal, now at the output of the secondary 
windings of the upstream transformer half is simultaneously sent to the voltage rectifier block 
6-04, the upstream amplitude detector block 6-06 and the clock recovery block 6-08. The 
voltage rectifier block 6-04 generates a constant DC voltage, which is sent out of the power- 

20 consuming module 6-00. The upstream amplitude detector 6-06 removes the envelope from 
the upstream-modulated signal to recover the original upstream data. The upstream data is 
then sent out of the power-consuming module 6-00. The clock recovery block 6-08 removes 
the earner signal from the upstream modulated signal and then cleans it up before sending it 
out of the power consuming module 6-00. 

25 

In order to pass data flnom the power-consuming module 6-00 to the power-supplying module 
5-00 a second data link is set up. In this embodiment of the Invention the second data link is 
inductive where the output of the secondary windings of the upstream transformer half 6-02 is 
sent directly to a crossbar svwtch 6-10 atong with the downstream input data. By using the 
30 downstream input data as the control in order to cross-connect the output of the secondary 
windings of the upstream transformer half a simple phase modulation scheme is set up. The 
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downstream modulated output of the crossbar switch 6-10 is sent to the primary windings of 
the downstream transformer half 6-12 where a magnetic coupling is set up by the alternating 
voltage of the downstream modulated signal. This magnetic coupling allows the downstream 
modulated signal to pass from the downstream transformer half primary 6-12 of the power 
5 consuming module 6-00 to the downstream transformer half secondary 5-08 of the power 
supplying module 5-00. The downstream modulated signal, now at the output of the 
secondary windings of the downstream transformer half 5-08 is sent to a phase comparator 5- 
10 along with the input of the primary windings of the upstream transformer half 5-06. The 
relationship between the phase of the input of the primary windings of the upstream 
10 transformer half 5-06, which is constant, and the phase of the output of the secondary 
windings of the downstream transformer half 5-08, which is phase modulated, is used to 
recover the original downstream data. The downstream data is then sent out of the power- 
supplying module 5-00. 

15 

FIG. 4 illustrates the two basic components of a system utilized in practicing the teachings of 
this invention, these components being a power supplying module 7-00, and a power 
consuming module 8-00. A clock signal of fixed frequency is generated from the clock 
generation block 7-04. This clock signal, used as the carrier signal, and the upstream input 

20 data, used as the envelope or upstream modulating signal, are both sent to the upstream 
amplitude modulation block 7-02 in order to create the upstream modulated signal. The 
upstream modulated output of the upstream amplitude modulation block 7-02 is sent to the 
primary windings of the upstream transformer half 7-06 where a magnetic coupling is set up by 
the alternating voltage of the upstream modulated signal. This magnetic coupling allows the 

25 upstream modulated signal to pass from the upstream transformer half primary 7-06 of the 
power supplying module 7-00 to the upstream transformer half secondary 8-02 of the power 
consuming module 8-00. The upstream modulated signal, now at the output of the secondary 
windings of the upstream transformer half is simultaneously sent to the voltage rectifier block 
8-04. the upstream amplitude detector block 8-06 and the clock recovery block 8-08. The 

30 voltage rectifier block 8-04 generates a constant DC voltage, which is sent out of the power- 
consuming module 8-00. The upstream amplitude detector 8-06 removes the envelope from 



the upstream-modulated signal to recover the original upstream data. The upstream data is 
then sent out of the power-consuming module 8-00. The dock recovery block 8-08 removes 
the carrier signal from the upstream modulated signal and then cleans it up before sending it 
out of the power consuming module 8-00. 

5 

In order to pass data from the power-consuming module 8-00 to the power-supplying module 
7-00 a second data link is set up. In this embodiment of the invention the second data link is 
optical where the downstream input data is sent to the downstream optical transmitter 8-10. 
The optical transmitter sends the downstream data to an optical receiver 7-08 on the power 
10 supplying module 7-00, where the original downstream data is recovered and then sent out of 
the power supplying module 7-00. 



